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(54) Oxygen sensor 

(57) In an oxygen sensor including a tubular metal 
shell, a tubular housing having an end attached to the 
metal shell and another end sealed by a seal member, 
a solid electrolyte tube attached to the metal shell and 
having on inner and outer surfaces thereof electrode lay- 
ers and lead layers connected to the electrode layers, 
respectively, a pair of lead wires extending through the 
seal member between inside and outside of a housing 
assembly constituted by the metal shell and housing 
whilst being sealingly held by the seal member, and a 
pair of metallic leads disposed inside of the housing 
assembly for connection between the lead layers and the 
lead wires, the metallic leads having at one end thereof 
electrode connecting portions having a spring property, 
the electrode connecting portions being attached to the 
inner and outer surfaces of the solid electrolyte tube and 
held in contact with the lead layers under spring pres- 
sure, a stopper is interposed between the seal member 
and the open end of the solid electrolyte tube so as to 
obstruct axial movement of the electrode connecting por- 
tions of the metallic leads relative to the solid electrolyte 
tube when the lead wires are pulled outward of the hous- 
ing assembly. 
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Description 

BACKGROUM H OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an oxygen sensor 
which is used, for example, for detecting an oxygen con- 
tent in the exhaust gases emitted from an internal com- 
bustion engine. 

2. Description of the Prior Art 

An oxygen sensor of this kind is made up of an oxy- 
gen content detecting element having a tubular shape 
with one end closed and made of solid electrolyte and a 
metallic housing assembly including a metal shell for 
holding the element thereon. The oxygen sensor is 
installed on an exhaust pipe of an internal combustion 
engine by way of the metal shell to bring an electrode 
lay r (i.e.. reference electrode layer) on the inner surface 
of the element in contact with a reference oxygen gas 
(i.e., atmospheric air) and an electrode layer (i.e.. meas- 
urement electrode layer) on the outer surface of the ele- 
ment in contact with the exhaust gases and is adapted 
to cause an electromotive force (i.e.. potential difference) 
between the electrodes in accordance with the differ- 
ence of the oxygen content between the inner and outer 
surfaces of the element and output a signal representa- 
tive of the electromotive force to a control circuit for 
thereby detecting the oxygen content in the exhaust 
gases and controlling the same. 

The electrode layers formed on the inner and outer 
surfaces of the element of the oxygen sensor are con- 
nected by way of metallic leads to an output lead wire for 
connection to a control circuit and a grounding lead wire. 
The metallic leads have at one end thereof electrode 
connecting portions having a spring property. The elec- 
trode connecting portions are pushed axially of the ele- 
ment to fit in and on the element and held in contact with 
the lead layers under spring pressure. The metallic leads 
are connected at another end thereof to lead wires. 

Fig. 13 shows a prior art oxygen sensor of the type 
utilizing metallic leads for connection between lead lay- 
ers and lead wires. A metallic lead 51 is employed for 
connection between a lead layer 14 connected to an 
electrode layer on the inner surface of an oxygen content 
detecting element 3 and an output lead wire 12. The 
metallic lead 51 is constructed as shown in Fig. 14 and 
is formed from a metal plate having a spring property. 
The metallic Iead51 has an electrode connecting portion 
52 at one end or lower end thereof. The electrode con- 
necting portion 52 is formed into a tubular shape having 
a part-circular cross section. The electrode connecting 
portion 52 has, in an unloaded or unstressed state, an 
outer diameter which is a little larger than the inner diam- 
eter of the tubular lead layer 1 4 formed on the inner sur- 
face of the element 3. The metallic lead 51 further has a 
nearly vertical intermediate or stem portion 53 and a 



crimp-style terminal portion 54 of a U-like cross section 
at another end or upper end thereof. The crimp-style ter- 
minal portion 54 is provided for connection to lead wires. 
The intermediate portion 53 is provided between the 
electrode connecting portion 52 and the crimp-style ter- 
minal portion 54 for interconnecting therebetween. The 
electrode connecting portion 52 has a smaller diameter 
lower end portion for forming a ceramic heater gripping 
portion 55 of a part-circular cross section. The ceramic 
heater gripping portion 55 is smaller in diameter than the 
electrode connecting portion 52 and adapted to grip or 
hold a ceramic heater 18 under spring pressure. The 
ceramic heater gripping portion 55 has, in its unloaded 
or unstressed state, an inner diameter smaller than the 
outer diameter of the ceramic heater 18. With such a 
metallic lead 51, the crimp-style terminal portion 54 is 
connected .y crimping to an end portion 12a of a lead 
wire 12 extending through a sealing member 16, and the 
ceramic heater gripping portion 55 grips a heater 18. 
Under the above condition of the metallic lead 51, the 
electrode connecting portion 52 is pushed axially into the 
element 3 and brought in contact with the inner lead layer 
1 4 under spring pressure or by spring force. In the mean- 
time, 61 in Fig. 1 3 is an insulator made of a ceramic mate- 
rial, or the like and has a tubular shape or hollow 
cylindrical shape. The insulator 61 is arranged in contact 
with the bottom surface of the seal member 16 and has 
through holes consisting of smaller diameter through 
hole sections 62 aligned with respective through holes 
16b of the seal member 16 and lower larger diameter 
through hole sections 63. By accommodating the crimp- 
style terminal portion 54 of the metallic terminal 51 within 
one of thethrough hole sections 63, the insulator 61 insu- 
lates the crimp-style terminal portion 54 of the metallic 
lead 51 from a crimp-style terminal portion 74 of a metal- 
lic lead 71 and metallic housing inner and outer tubes 64 
and 65. 

The metallic leads 71 is provided for connection 
between a lead layer 15 connected to an electrode layer 
on the outer surface of the element 3 and a grounding 
lead wire 13. The metallic lead 71 is constructed as 
shown in Fig. 15 and basically similar to the above 
described output metallic lead 51. That is, the metallic 
lead 71 is formed from a metal plate having a spring prop- 
erty and has an electrode connecting portion 72 at one 
or lower end thereof. The electrode connecting portion 
72 is formed into a tubular shape having a part-circular 
cross section. The electrode connecting portion 72 has. 
in an unloaded or unstressed condition, an inner diame- 
ter smaller than the outer diameter of the tubular lead 
layer 15 formed on the outer surface of the element 3. 
The metallic lead 71 further has an intermediate or stem 
portion 73 and a crimp-style terminal portion 74 of a U- 
like cross section. The crimp-style terminal portion 74 is 
provided for connecting to the grounding lead wire 13 
extending through the seal member 1 6. The intermediate 
portion 73 is provided between the electrode connecting 
portion 72 and the crimp-style terminal portion 74 for 
interconnecting therebetween. Under the condition of 
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the crimp-style terminal portion 74 being connected to 
the inner end 13a of the grounding lead wire 13, the elec- 
trode connecting portion 72 is pushed axialiy of the ele- 
ment 3 to fit on the element 3 and is brought in contact 
with the lead layer 1 5 under spring pressure. 5 

By the above structure, electrical connection 
between the metallic leads 51 and 71 and the electrode 
connecting portions 52 and 72 and attachment or fixing 
of them can be attained with ease since such electrical 
connection and attachment or fixing only requires to 10 
push the metallic leads 51 and 71 against the element 3 
and make them fit in and on the open end of the element 
3. 

In such an oxygen sensor, the lead wires 12 and 13 
may possibly be subjected to a tensile force even after 15 
installation of the sensor on an exhaust pipe for various 
reasons. The seal member 1 6 is thus required to not only 
s alingly surround the lead wires and but fixedly hold the 
lead wires. However, the force exerted by the seal mem- 
ber for fixedly holding the lead wires is not sufficiently 20 
large. While in the prior art oxygen sensor, the insulator 
61 is provided in contact with the seal member 16, such 
an insulator 61 can scarcely exert a force for obstructing 
axial movement of the lead wires. 

For the above reason, the above described prior art 25 
oxygen sensor has a possibility that when the lead wires 
1 2 and 13 are pulled outward by a relatively large force, 
the electrode connecting portions 52 and 72 connected 
to the inner and outer surface lead layers 14 and 15 of 
the element 3 are moved upward of the respective lead 30 
layers 14 and 15 as shown by the two-dot chain lines in 
Fig. 13 or may be separated from the element 3 in case 
the force is excessively large. Thus, the above described 
prior art oxygen sensor has a problem on the reliability 
and durability, i.e. , a problem that unstable electrical con- 35 
nection and unstable outputting may occur or malfunc- 
tion may occur due to disconnection by the separation, 
thus disabling accurate detection and control of oxygen 
content in the exhaust gases. 



40 

SUMMARY O F THE INVENTION 

According to an aspect of the present invention, 
there is provided an oxygen sensor which comprises an 
oxygen content detecting element made of solid electro- 45 
lyte and in the form of a circular tube with one end closed, 
electrode layers provided to inner and outer peripheral 
surfaces of the oxygen content detecting element, a lead 
layer provided to the oxygen content detecting element 
and connected to one of the electrode layers, a metallic so 
lead having at one end thereof an electrode connecting 
portion having a spring property, the electrode connect- 
ing portion being attached to the oxygen content detect- 
ing element and held in contact with the lead layer under 
spring pressure, the metallic lead being connected at ss 
another end thereof to a lead wire, a seal member seaf- 
ingly holding the lead wire whilst allowing the same to 
extend outward thereof, and a stopper engaged with the 
electrode connecting portion of the metallic lead in such 



a manner as to prevent the electrode connecting portion 
from being separated from the lead layer when the lead 
wire is pulled outward to subject the metallic lead to a 
tensile force. By the above structure, even when the lead 
wire which is connected to either of the lead layer on the 
inner surface of the oxygen detecting element or the lead 
layer on the outer surface of same is pulled outward of 
the sensor to subject the metallic lead to a tensile force, 
the stopper effectively prevents the electrode connecting 
portion from being separated from the lead layer of the 
oxygen detecting element. Thus, the oxygen sensor of 
this invention enables the sensor to effect a stable oper- 
ation in electrical conduction and outputting. As a result, 
the sensor of this invention can effect an improved accu- 
racy in detection of oxygen content. 

According to another aspect of the present inven- 
tion, the stopper is interposed between the oxygen con- 
tent detecting element and the seal member and has a 
hollow cylindrical portion surrounding the metallic lead 
radially thereof. By such a stopper, it becomes hard for 
liquid or gas to enter the inside of the oxygen content 
detecting element. For this sake, pollution of the refer- 
ence oxygen sensor can be prevented with more effi- 
ciency, so lowering of the accuracy in detection of oxygen 
content can be prevented. 

According to a further aspect of the present inven- 
tion, the stopper is made of a ceramic material. This is 
desirable since it can effect an improved insulation of the 
metallic lead and an improved heat resistant property. 

According to a further aspect of the present inven- 
tion, there is provided an oxygen sensor which com- 
prises an oxygen content detecting element made of 
solid electrolyte and in the form of a circular tube with 
one end closed, electrode layers provided to inner and 
outer surfaces of the oxygen content detecting element, 
lead layers provided to the inner and outer surfaces of 
the oxygen content detecting element and connected to 
the electrode layers, respectively, a pair of metallic leads 
having at one end thereof electrode connecting portions 
having a spring property, the electrode connecting por- 
tions being attached to the oxygen content detecting ele- 
ment and held in contact with the lead layers under 
spring pressure, respectively, the metallic leads being 
connected at another end thereof to lead wires, a seal 
member seaiingly holding the lead wires whilst allowing 
the same to extend outward thereof, and a stopper 
engaged with the electrode connecting portions of the 
metallic leads in such a manner as to prevent the elec- 
trode connecting portions from being separated from the 
lead layers when the lead wires are pulled to subject the 
metallic leads to a tensile force. 

According to a further aspect of the present inven- 
tion, there is provided an oxygen sensor which com- 
prises a tubular metal shell, a tubular housing attached 
at one end thereof to the metal shell to constitute a hous- 
ing assembly, a seal member attached to another end of 
the tubular housing for seaiingly closing the same, a solid 
electrolyte tube with one open end, attached to the metal 
shell in such a manner that the open end is positioned 
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inside of the housing assembly, electrode layers pro- 
vided to inner and outer surfaces of the solid electrolyte 
tube, a lead layer provided to the solid electrolyte tube 
and connected to one of the electrode layers, a lead wire 
extending through the seal member between inside and 
outside of the housing whilst being sealingly held by the 
seal member, the lead wire having an inner end disposed 
inside of the housing, a metallic lead disposed inside of 
the housing assembly for connection between the lead 
layer and the inner end of the lead wire, the metallic lead 
having at one end thereof an electrode connecting por- 
tion having a spring property, the electrode connecting 
portion being attached to one of the inner and outer sur- 
faces of the solid electrolyte tube and held in contact with 
the lead layer under spring pressure, and a stopper inter- 
posed between the seal member and the open end of 
the solid electrolyte tube and engaged with the electrode 
connecting portion so as to obstruct axial movement of 
the electrode connecting portion relative to the solid 
electrolyte tube when the lead wire is pulled outward of 
the housing assembly- 
According to a further aspect of the present inven- 
tion, the oxygen sensor further comprises an separator 
interposed between the sealing member and the stopper 
for insulating another end of the metallic lead relative to 
the housing assembly. The stopper is formed integral 
with or separately from the separator. 

According to a further aspect of the present inven- 
tion, the electrode connecting portion of the metallic lead 
has a part-circular cross section and has an axial end 
face flush with a face of the open end of the electrolyte 
tube, the stopper being hollow, cylindrical for allowing 
passage of the metallic lead therethrough and having an 
axial end abuttingty engaged with the open end of the 
solid electrolyte tube. 

According to a further aspect of the present inven- 
tion, the electrode connecting portion of the metallic lead 
is fitted on the open end of the solid electrolyte tube, the 
stopper having at the axial end a cross section including 
a four-cusped figure-like central opening for passage of 
the metallic lead, and a solid peripheral portion for abut- 
ting engagement with the axial end face of the electrode 
connecting portion. 

According to a further aspect of the present inven- 
tion, there is provided an oxygen sensor which com- 
prises a tubular metal shell, a tubular housing attached 
at one end thereof to the metal shell, a seal member 
attached to another end of the tubular housing for seal- 
ingly closing the same, a solid electrolyte tube with one 
open end. attached to the metal shell in such a manner 
that the open end is positioned inside of the housing 
assembly, the soiid electrolyte tube having on inner and 
outer surfaces thereof electrode layers and lead layers 
connected to the electrode layers, respectively, a pair of 
lead wires extending through the seal member between 
inside and outside of the housing assembly whilst being 
sealingly held by the seal member, the lead wires having 
inner ends disposed inside of the housing, a pair of 
metallic leads disposed inside of the housing for connec- 



tion between the lead layers and the inner ends of the 
lead wires, the metallic leads having at one end thereof 
electrode connecting portions having a spring property, 
the electrode connecting portions being attached to the 
5 inner and outer surfaces of the solid electrolyte tube and 
held in contact with the lead layers under spring pres- 
sure, respectively, and a stopper interposed between the 
seal member and the open end of the solid electrolyte 
tube and engaged with the electrode connecting portions 
10 so as to obstruct axial movement of the electrode con- 
necting portions relative to the solid electrolyte tube 
when the lead wires are pulled outward of the housing. 

According to a further aspect of the present inven- 
tion, the oxygen sensor further comprises an separator 
is interposed between the sealing member and the stopper 
for insulating another end of the metallic leads relative to 
the housing assembly. The stopper is formed integral 
with or separately from the separator. 

According to a further aspect of the present inven- 
20 tion, each of the electrode connecting portions of the 
metallic leads has a part-circular cross section and has 
an axial end face flush with a face of the open end of the 
electrolyte tube, the stopper being hollow, cylindrical for 
allowing passage of the metallic leads therethrough and 
25 having an axial end abuttingly engaged with the open 
end of the solid electrolyte tube. 

According to a further aspect of the present inven- 
tion, the stopper has at the axial end a cross section 
including two circular openings for passage of the metal- 
so lie leads, a radially inner solid portion for abutting 
engagement with the axial end face of one of the elec- 
trode connecting portions fitted in the open end of the 
solid electrolyte tube and a radially outer solid portion for 
abutting engagement with the axial end face of the other 
35 of the electrode connecting portions fitted on the open 
end of the solid electrolyte tube. 

According to a further aspect of the present inven- 
tion, the oxygen sensor further comprises a heater 
accommodated in the housing, and a pair of lead wires 
40 connected to the heater and extending between inside 
and outside of the housing through the stopper and the 
sealing member whilst being sealingly held by the seal 
member, the stopper having at the above mentioned end 
a cross section including a four-cusped figure-like open- 
45 ing including a central opening section for disposition of 
the heater, a four-cusped figure section for disposition of 
the lead wires connected to the lead layers and the lead 
wires connected to the heater, a radially outer peripheral 
portion for abutting engagement with the axial end face 
so of one of the electrode connecting portions fitted on the 
open end of the electrolyte tube, and four radially 
inwardly protruded portions for abutting engagement 
with the end face of the other of the electrode connecting 
portions fitted in the open end of the solid electrolyte 
55 tube. 

According to a further aspect of the present inven- 
tion, the stopper has a plurality of axial slits in such a 
manner as to allow the four cusped figure section open- 
ing radially outward so that the cross section of the stop- 
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per at the above mentioned end thereof consists of four 
independent solid portions. 

The above structure is effective for solving the above 
noted problems inherent in the prior art device. 

It is accordingly an object of the present invention to 
provide a novel and improved oxygen sensor which is 
highly reliable in operation and durable. 

It is a further aspect of the present invention to pro- 
vide a novel and improved oxygen sensor of the above 
described character which enables electrode connecting 
portions of metallic leads to be assuredly held in contact 
with lead layers of oxygen detecting element even when 
lead wires are pulled outward of the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal sectional view of an oxygen 
sensor according to an embodiment of the present 
invention; 

Fig. 2 is an enlarged view of a portion "A" of Fig. 1 ; 
Fig. 3 is a fragmentary enlarged view of the oxygen 
sensor of Fig. 1 and illustrates a stopper in a state 
of being abuttingly engaged with ends of electrode 
connecting portions of metallic leads; 
Fig 4 A is a perspective view of the stopper of the 
oxygen sensor of Fig. 1 when observed from above; 
Fig. 4B is a perspective view of the stopper of the 
oxygen sensor of Fig. 1 when observed from below; 
Fig. 5 is an enlarged sectional view taken along the 
line V-V in Fig. 4B; 

Fig. 6 is an enlarged bottom plan view of the stopper 
of Fig. 1 ; 

Fig. 7 is a view similar to Fig. 6 but shows how the 
stopper of Fig. 1 engages upper end faces of elec- 
trode connection portions of metallic leads; 
Fig. 8 is a view similar to Fig. 4B but shows a variant 
of the stopper; 

Fig. 9 is a view similar to Fig. 2 but shows a further 
variant of the stopper; 

Fig. 10 is a view similar to Fig. 7 but shows a further 
variant of the stopper; 

Fig. 11 is a view similar to Fig. 7 but shows a further 
variant of the stopper; 

Fig. 12 is a view similar to Fig. 7 but shows a further 
variant of the stopper; 

Fig. 13 is a view similar to Fig. 2 but shows a prior 
art oxygen sensor; 

Fig. 1 4 is a perspective view of a metallic lead used 
in the prior art oxygen sensor of Fig. 13; and 
Fig. 1 5 is a perspective view of another metallic lead 
used in the prior art oxygen sensor of Fig. 13. 



DETAILED DE SCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs. 1 to 7. an oxygen sensor is 
generally indicated by 1 and shown as being of the type 
equipped with a ceramic heater, i.e.. of the type having 
four lead wires. The oxygen sensor 1 includes a tubular 



metal shell 2 having a threaded portion 2a for attachment 
to an exhaust manifold or pipe of an internal combustion 
engine, and a tubular oxygen content detecting element 
or solid electrolyte tube 3 with one end closed and 
s another end open. The solid electrolyte tube 3 has at a 
nearly longitudinal center thereof an outward flange 3a 
which is received inside the metal shell 2. The solid elec- 
trolyte tube 3 is fixedly attached to the metal shell 2 by 
interposed therebetween a tubular insulation member 4 
w made of a ceramic material, a seal member 5 made of 
powdered talc, a seal pipe 6, packings 7 and 8, and a 
housing inner tube 9 which cooperates with a housing 
outer tube 1 1 to constitute a tubular housing and further 
with the metal shell 3 to constitute a metallic housing 
is assembly. The housing inner tube 9 is disposed at the 
rear end (i.e. the upper end in Fig. 1) of the metal shell 
2 and having a flanged lower end 9a which is fixedly 
attached to the metal shell 2 by being interposed 
between the packing 8 and a bent or crimped upper end 
2b of the metal shell 2. By this, an insulation between the 
metal shell 2 and the solid electrolyte tube 3 can be 
attained, together with a seal between the metal shell 2 
and the solid electrolyte tube 3 (i.e.. between an exhaust 
gas side and a reference gas side) and a seal between 
the metal shell 2 and the housing inner tube 9 (i.e., air 
tight seal or liquid tight seal of the sensor 1 ). For attaining 
such a seal, the rear or upper end 2b of the metal shell 
2 is bent so as to be laid over the lower end flange 9a of 
the housing inner tube 9 and crimped by being pressed 
axially of the sensor 1 . In the above manner, the solid 
electrolyte tube 3 is attached to the metal shell 2 in such 
a manner that the open end thereof is accommodated in 
the housing assembly constituted by the metal shell 3, 
housing inner tube 9 and housing outer tube 11. In the 
meantime, 10 is a protective cap attached to the front or 
lower end of the metal shell 2 for covering a portion of 
the solid electrolyte tube 3 protruding from the metallic 
housing assembly for thereby protecting the solid elec- 
trolyte tube 3. 

The housing outer tube 1 1 is fitted on the upper end 
portion of the housing inner tube 9 to constitute the above 
described housing. An output lead wire 1 2 and a ground- 
ing lead wire 13 have inner ends disposed inside the 
housing and connected to an inner surface lead layer 14 
and an outer surface lead layer 15 by way of the same 
metallic leads 51 and 71 as those shown in Figs. 14 and 
15. The lead layers 14 and 15 are formed on the inner 
and outer surfaces of the solid electrolyte tube 3 at a 
location adjacent the open end of the solid electrolyte 
tube 3. The lead layers 1 4 and 1 5 are connected to elec- 
trode layers 3b and 3c which are formed on the inner and 
outer surfaces of the solid electrolyte tube 3. respec- 
tively. The metallic leads 51 and 71 have at one end 
thereof electrode connecting portions 52 and 72 for con- 
55 nection to the inner surface lead layer 14 and the outer 
surface lead layer 15 and at another end crimp-style ter- 
minal portions 54 and 74 for connecting to the lead wires 
1 2 and 1 3. The electrode connecting portions 52 and 72 
are respectively pushed against the open end of the solid 
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electrolyte tube 3 and fitted in and on the inner surface 
lead layer 14 and the outer surface lead layer 15 of the 
solid electrolyte tube 3 in such a manner that upper end 
faces 52a and 72a of the electrode connecting portions 
52 and 72 are flush with the face of the open end or upper 5 
end of the solid electrolyte tube 3. The lead wires 1 2 and 
13 have inner ends 12a and 13a which are disposed 
inside of the housing and connected to the crimp-style 
terminal portions 54 and 74 of the metallic leads 51 and 
71. The lead wires 1 2 and 13 extend outward of the nous- w 
ing through a seal member 16 whilst being sealingly held 
by the seal member 16. In the meantime, indicated by 
1 7 is a pair of lead wires, though only one is shown in 
Fig. 1, which is connected to a ceramic heater 18 for 
heating the solid electrolyte tube 3. The tead wires 17 15 
extend outward of the housing through the seal member 
16 whilst being sealingly held by the seal member 16. 
The seal member 1 6 is attached to the upper end of the 
housing outer tube 1 1 to seaJingly close the same. The 
seal member 1 6 is in the form of a disc and has a recess 20 
16a at a nearly central portion of its bottom. The seal 
member 1 6 has four axial through holes 1 6b for allowing 
passage of the lead wires 12, 13 and 17 therethrough. 
The through holes 16b are arranged in a circular array 
with equal intervals. It is desirable to form the seal mem- 25 
ber 16 of a fluorine resin having a high heat resistant 
property. In this embodiment, the seal member 16 is 
made of PFA (tetrafluoroethyleneiDerfluoroalkyvi- 
nylester). 

Then, a stopper 21 in which an important feature of 30 
the present invention resides will now be described. The 
stopper 21 has a hollow cylindrical body 30 hanging from 
a lower end of a separator 22. That is, the stopper 21 in 
this embodiment is formed integral with the separator 22 
to constitute a single piece. 3S 

In Figs. 4A and 4B, the portion above the two-dot 
chain line represents the separator 22. The separator 22 
is similar to that of the above described prior art oxygen 
sensor and made of a ceramic material. The separator 
22 has an upper end 24 fittingly engaged in the recessed 40 
bottom of the seal member 1 6. The separator 22 is in the 
form of a disc and adapted to fit at an upper end 24 in 
the recess 1 6a of the seal member 1 6. The separator 22 
has four stepped through holes axially aligned with the 
through holes 16b of the seal member 16 and including 45 
upper smaller diameter through hole sections 25 and 
lower larger diameter through hole sections 26. The 
larger diameter through hole sections 26 are adapted to 
accommodate therewithin the crimp-style terminal por- 
tions 54 and 74 of the metallic leads 51 and 71 to connect so 
thereto the inner ends 12a and 13a of the lead wires 12 
and 13, respectively. The separator 22 has at a location 
adjacent the upper end thereof an outward flange 27 
having an upper end face 28 brought into abutting 
engagement with the bottom face of the seal member ss 
16. The separator 22 has at a location axially under the 
flange 27 a hollow cylindrical portion 29 of the same 
outer diameter as the hollow cylindrical body 30. 



The stopper 21 has a lower end face 23 in abutting 
engagement with the upper end faces 52a and 72a of 
the electrode connecting portions 52 and 72 of the metal- 
lic leads, i.e. , in abutting engagement with the face of the 
open end of the solid electrolyte tube 3. The stopper 21 
further has a through hole consisting of axial hole sec- 
tions 32 larger in diameter than the through hole sections 
26 and axially aligned with the same, respectively and a 
center hole section 33 concentric with the hollow cylin- 
drical body 30. Thus, the stopper 21 of this embodiment 
has at the lower end thereof a cross section including a 
four-cusped figure-like opening including a central open- 
ing section 33 for disposition of the ceramic heater 1 8, a 
four-cusped figure section for disposition of the metallic 
leads 51 and 71 connected to the lead layers 14 and 15 
and the metallic leads 18b connected to the ceramic 
heater 18, a radially outer peripheral portion 23 a for abut- 
ting engagement with the axial end face 72a of the elec- 
trode connecting portion 72 fitted on the open end of the 
solid electrolyte tube 3. and four radially inwardly pro- 
truded portions 23b for abutting engagement with the 
end face 52a of the electrode connecting portion 52 fitted 
in the open end of the solid electrolyte tube 3. 

In the oxygen sensor 1 , when the lead wires 12 and 
13 are pulled to subject the electrode connecting por- 
tions 52 and 72 of the metallic leads 51 and 71 toatensile 
force so that the electrode connecting portions 52 and 
72 are urged for removal or separation from the lead lay- 
ers 14 and 15, axial movements of the electrode con- 
necting portions 52 and 72 are stopped or blocked by the 
lower end face 23 of the stopper 21 so that separation 
or removal of the electrode connecting portions 52 and 
72 from the lead layers 14 and 15 is prevented. Further- 
more, as shown in Fig. 7, the outer peripheral part 23a 
of the lower end face 23 of the stopper 21 is engaged 
almost at its entirety with the upper end face 72a of the 
electrode connecting portion 72 connected to the outer 
surface lead layer 1 5, whereas the four radially inwardly 
protruded portions 23b are engaged, with equal inter- 
vals, with the upper end face 52a of the electrode con- 
necting portion 52 connected to the inner surface lead 
layer 14 so that each radially inwardly protruded portions 
23b effect an equal blocking action. Accordingly, inclina- 
tion of the electrode connecting portions 52 and 72 does 
not occur, thus making it possible to obtain stable and 
assured conduction between the electrode connecting 
portions 52 and 72 and the lead layers 14 and 15. 

Further, the stepper 21 with the hollow cylindrical 
body 30 is adapted to surround the metallic leads 51 and 
71 radially thereof and at a location between the open 
end of the solid electrolyte tube 3 and the crimp-style 
terminal portions 54 and 74 of the metallic leads 51 and 
71, and the lower end face 23 of the stopper 21 is 
adapted to be matched with or joined with the open end 
face of the solid electrolyte tube 3. By this, even if dete- 
rioration occurs in the seal between the solid electrolyt 
tube 3 and the lower part of the metaJ shell 2 accommo- 
dating the solid electrolyte tube 3 to allow oil, water, 
exhaust gases or gasoline to intrude into the inside of 
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the housing inner tube 9. such liquid and gas is hard to 
further intrude into the inside of the oxygen sensor 1 due 
to the provision of the stopper 21 so that the reference 
oxygen gas (open air) is hard to be polluted or contami- 
nated. Accordingly, the oxygen sensor 1 can prevent 5 
deterioration of the oxygen content detecting ability and 
corrosion of the inner surface electrode layer 14 and can 
effect a reliable operation for an elongated period. 
The oxygen sensor 1 is assembled as follows. 
Firstly, the solid electrolyte tube 3 and the housing 10 
inner tube 9 are fixed to the metal shell 2 to prepare a 
front end side subassembly. 

On the other hand, the ends 1 2a and 1 3a of the lead 
wires 1 2 and 1 3 are connected to the inner face and outer 
face lead layers 1 4 and 1 5 of the solid electrolyte tube 3 is 
by way of the metallic leads 51 and 71 in the following 
manner. That is. the end 12a of the output lead wire 12 
is let to pass through the through hole 16b of the seal 
member 16 and the through holes 25, 26 and 32 of the 
separator 22 and the stopper 21 . The end 1 2a of the lead 20 
wire 12 is then connected by crimping to the crimp-style 
terminal portion 54 of the metallic lead 51 . The ceramic 
heater 18 is gripped by the heater gripping portion 55. 
The end 13a of the grounding lead wire 13 is let to pass 
similarly through the through hole 16b of the seal mem- 25 
ber 16 and the through holes 25. 26 and 32 of the sep- 
arator 22 and the stopper 21 and is connected by 
crimping to the crimp-style terminal portion 74 of the 
metallic lead 71 . The end portions of a pair of lead wires 
17 connected to the ceramic heater 18 are let to pass 
through the through holes 16b of the seal member 16 
and the through holes 25. 26 and 32 of the separator 22 
and the stopper 21 and connected by soldering to the 
connecting terminals 1 8a of the heater 1 8 by way of inter- 
mediate metallic leads 1 8b. The thus obtained assembly 
is fitted in the housing outer tube 1 1 previously installed 
on the lead wire side in such a manner that the seal mem- 
ber 1 6 is abuttingly engaged with the upper bent end 1 1 a 
of the housing outer tube 1 1 for thereby sealingly closing 
the same and the upper end 24 of the stopper 21 is fit- 40 
tingly engaged in the recess 16a of the seal member 16. 
whereby a rear end side subassembly is prepared. 

Then, the rear end side subassembly and the front 
end side subassembly are assembled in such a manner 
that the housing outer tube 1 1 is fitted on the housing 45 
inner tube 9 and the electrode connecting portions 52 
and 72 are pushed axially into and onto the open end of 
the solid electrolyte tube 3 so as to be brought in contact 
with the inner face and outer face lead layers 14 and 1 5 
under spring pressure and thereby electrically con- so 
nected to same. The upper end portion of the above 
described housing outer tube 1 1 is pressed axially by a 
predetermined compression force and heated to a pre- 
determined temperature so that the seal member 16 is 
deformed so as to seal the interface between the lead 55 
wires 12. 13 and 15 and the seal member 16. and the 
lower end portion of the housing outer tube 1 1 and the 
inner tube 9 are driven inward so as to reduce in diameter 
and thus joined together by caulking. In the meantime, a 
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packing 34 made of fluororesin is disposed between the 
lower face of the flange 27 of the separator 22 and the 
upper end portion of the inner tube 9 to provide a seal 
therebetween. In the prior sensor as shown in Fig. 13, 
there is not provided between the separator 61 and the 
electrode connecting portions 52 and 72 any structure 
for transmitting a pushing force therebetween. Thus, in 
order to push each electrode connecting portions 52 and 
72 into the respective lead layers 14 and 15, a particular 
metallic jig for assemblage is used to insert the electrode 
connecting portions 52 and 72 into the housing inner 
tube 64 and thereafter the separator 61 and the seal 
member 1 6 are installed in sequence. In contrast to this, 
in this embodiment, the stopper 21 can transmit a push- 
ing force for pushing the electrode connecting portions 
52 and 72 against the respective lead layers 14 and 15, 
so by previously assembling the seal member 16. the 
stopper 21 and the metallic leads 51 and 71 into a single 
unit so that they are inserted into the inner tube 9 all at 
once, it becomes possible to push the electrode connect- 
ing portions 52 and 72 into the respective lead layers 14 
and 1 5 located at the innermost part of the housing inner 
tube 9 without using a particular jig. Accordingly, the oxy- 
gen sensor 1 of this embodiment can effect easier 
assemblage. 

In the foregoing, it is to be noted that the stopper 21 
is not limited to what has been described and shown in 
the above embodiment. For example, the stopper 21 can 
be designed to have another shape and structured so 
long as it is held engaged with the electrode connecting 
portions 52 and 72 and prevents them from being sepa- 
rated from the lead layers 14 and 15 of the solid electro- 
lyte tube 3 when the lead wires 12 and 13 are pulled 
outward to subject the metallic leads 51 and 71 to a ten- 
sile force. Accordingly, although an action of preventing, 
in case oil or the like enters into the housing inner tube 
9. such oil or the like from intruding further into the inside 
of the oxygen sensor 1 as is obtained in the above 
described embodiment, is eliminated, slits 35 may be 
formed in the cylindrical body 30 of the stopper 21 in the 
above described embodiment with suitable intervals. By 
this, the weight can be reduced for the provision of the 
slits 35 and therefore the sensor can be more lightweight. 
In this connection, the stopper 21 in Fig. 8 has a plurality 
of axial slits 35 in such a manner as to allow the four- 
cusped figure section 32 to open radially outward so that 
the cross section of the stopper 21 at the lower end 
thereof consists of four independent solid portions. 

Further, while in the above described embodiment 
the stopper 21 is formed integral with the separator 22, 
they can be separated in the place indicated by the two- 
dot chain line in Fig. 4 so that the separator 22 and the 
stopper 21 are formed separately from each other as 
shown in Fig. 9. In Fig. 9. the lower end outer portion of 
the separator 22 is formed into a stepped shape and the 
upper end inner circumferential portion of the stopper 21 
is stepped correspondingly so that they can be fitted 
together. Except for this, the stopper 21 and separator 
22 are the same as that shown in Fig. 2 so similar refer- 
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ence characters are used to indicate similar parts and 
portions. 

Further, in the foregoing, the oxygen sensor 1 has 
been described and shown as being of the type having 
four leads, i.e., a pair of output and grounding lead wires s 
1 2 and 1 3 connected by way of the metallic leads 51 and 
71 to the inner surface and outer surface lead layers 14 
and 1 5 and a pair of lead wires 1 7 for the ceramic heater 
18. However, this is not for the purpose of limitation but 
the oxygen sensor can be of the type which is not 10 
equipped with any heater, i.e., of the type having two 
leads, which is constructed so as to dispense with such 
a ceramic heater 18, intermediate lead 18b, lead wires 
17, and the gripping portion 55 of the metallic lead 51 
otherwise provided to the above described embodiment. r5 
However, in such a case, the above described seal mem- 
ber 16 needs to be of such a variant that does not have 
any through holes for the lead wires 1 7. In the meantime, 
regarding the stopper 21, while such one as shown in 
Figs. 2, 8 or 9 can be used as it is. it can be of such a 20 
variant as for example shown in Fig. 10, i.e., can be of 
such a variant that has a lower end face (the face for 
engagement with the electrode connecting portion of 
each metallic lead) 23 having only four through holes 32. 
Further, as shown in Fig. 1 1 , the stopper can be of such 25 
one that has two through holes 32. In the meantime, in 
Figs. 10 or 11, two-dot chain lines indicate the upper 
ends of the electrode connecting portions 52 and 72. 

Further, in the foregoing, the oxygen sensor can be 
of the three lead type or of a so-called case grounded 30 
type in which the inner surface lead layer 1 4 of the solid 
electrolyte tube 3 is electrically connected to the output 
lead wire 12 for thereby being connected to a control cir- 
cuit whilst the outer surface electrode layer 1 5 of the solid 
electrolyte tube 3 is electrically connected to the metallic 35 
housing assembly for thereby being grounded by way of 
the exhaust pipe. That is, the oxygen sensor can be of 
the type in which the lead layer (normally, outer surface 
lead layer) connected to one of the inner surface and 
outer surface electrode layers of the solid electrolyte tube 40 
is adapted to be grounded by way of the exhaust pipe 
and the lead layer connected to the other of the electrode 
layers is connected to the metallic lead which is in turn 
connected to the output lead wire. In the meantime, in 
such a case, it will suffice to prevent only the metallic 45 
lead for connection with the output lead wire from being 
separated from the solid electrolyte tube. Naturally, the 
oxygen sensor can be of one lead type which is not 
equipped with any heater and is connected by only an 
output lead wire. In case the oxygen sensor of the case so 
ground type is employed and the above described metal- 
lic lead is connected to the outer surface output lead 
layer, it is not necessary, as shown in Fig. 12, for the end 
face 23 of the stopper 21 to have any radially inwardly 
protruded portions since the upper end of the electrode ss 
connecting portion 72, as indicated by two-dot chain line 
in Fig. 1 2, can engage almost at its entirety the lower end 
of the stopper 21 . 



Claims 

1 . An oxygen sensor comprising: 

an oxygen content detecting element made 
of solid electrolyte and in the form of a circular tube 
with one end closed; 

e»r strode layers provided to inner and outer 
peripheral surfaces of said oxygen content detecting 
element; 

a lead layer provided to said oxygen content 
detecting element and connected to one of said 
electrode layers; 

a metallic lead having at one end thereof an 
electrode connecting portion having a spring prop- 
erty, said electrode connecting portion being 
attached to said oxygen content detecting element 
and held in contact with said lead layer under spring 
pressure; 

said metallic lead being connected at another 
end thereof to a lead wire; 

a seal member sealingly holding said lead 
wire whilst allowing the same to extend outward 
thereof; and 

a stopper engaged with said electrode con- 
necting portion of said metallic lead in such a man- 
ner as to prevent said electrode connecting portion 
from being separated from said lead layer when said 
lead wire is pulled outward to subject said metallic 
lead to a tensile force. 

2. An oxygen sensor according to claim 1 , wherein said 
stopper is interposed between said oxygen content 
detecting element and said Seal member and has a 
hollow cylindrical portion surrounding said metallic 
lead radically thereof. 

3. An oxygen sensor according to claim 1 , wherein said 
stopper is made of a ceramic material. 

4. An oxygen sensor comprising: 

an oxygen content detecting element made 
of solid electrolyte and in the form of a circular tube 
with one end closed; 

electrode layers provided to inner and outer 
surfaces of said oxygen content detecting element; 

lead layers provided to said inner and outer 
surfaces of said oxygen content detecting element 
and connected to said electrode layers, respectively; 

a pair of metallic leads having at one end 
thereof electrode connecting portions having a 
spring property, said electrode connecting portions 
being attached to said oxygen content detecting ele- 
ment and held in contact with said lead layers under 
spring pressure, respectively; 

said metallic leads being connected at 
another end thereof to lead wires; 

a seal member sealingly holding said lead 
wires whilst allowing the same to extend outward 
thereof; and 



8 



13 



EP0 702 229 A1 



14 



a stopper engaged with said electrode con- 
necting portions of said metallic leads in such a man- 
ner as to prevent said electrode connecting portions 
from being separated from said lead layers when 
said lead wires are pulled to subject said metallic 5 
leads to a tensile force. 



9. An oxygen sensor according to claim 7, further com- 
prising an separator interposed between said seal 
member and said stopper for insulating another end 
of said metallic lead relative to said housing assem- 
bly, said stopper being formed separately from said 
separator. 



5. An oxygen sensor according to claim 4, wherein said 
stopper is interposed between said oxygen content 
detecting element and said seal member and has a w 
hollow cylindrical portion surrounding said metallic 
leads radially thereof. 

6. An oxygen sensor according to claim 4, wherein said 
stopper is made of a ceramic material. is 

7. An oxygen sensor comprising: 

a tubular metal shell; 

a tubular housing attached at one end thereof 
to said metal shell to constitute a housing assembly; 20 

a seal member attached to another end of 
said tubular housing for sealingly closing the same; 

a solid electrolyte tube with one open end, 
attached to sad metal shell in such a manner that 
said open end is positioned inside of said housing 25 
assembly; 

electrode layers provided to inner and outer 
surfaces of said solid electrolyte tube; 

a lead layer provided to said solid electrolyte 
tube and connected to one of said electrode layers; 30 

a lead wire extending through said seal mem- 
ber between inside and outside of said housing 
whilst being sealingly held by said seal member, said 
lead wire having an inner end disposed inside of said 
housing assembly; 35 

a metallic lead disposed inside of said hous- 
ing for connection between said lead layer and said 
inner end of said lead wire, said metallic lead having 
at one end thereof an electrode connecting portion 
having a spring property, said electrode connecting 40 
portion being attached to one of said inner and outer 
surfaces of said solid electrolyte tube and held in 
contact with said lead layer under spring pressure; 
and 

a stopper interposed between said seal 45 
member and said open end of said solid electrolyte 
tube and engaged with said electrode connecting 
portion so as to obstruct axial movement of said 
electrode connecting portion relative to said solid 
electrolyte tube when said lead wire is pulled out- so 
ward of said housing assembly. 

8. An oxygen sensor according to claim 7, further com- 
prising a separator interposed between said seal 
member and said stopper for insulating another end ss 
of said metallic lead relative to said housing assem- 
bly, said stopper being formed integral with said sep- 
arator. 



1 0. An oxygen sensor according to claim 7, wherein said 
electrode connecting portion of said metallic lead 
has a part-circular cross section and has an axial 
end face flush with a face of said open end of said 
solid electrolyte tube, said stopper being hollow, 
cylindrical for allowing passage of said metallic lead 
therethrough and having an axial end abuttingly 
engaged with said open end of said solid electrolyte 
tube. 

1 1 . An oxygen sensor according to claim 1 0, wherein 
said electrode connecting portion of said metallic 
lead is fitted on said open end of said solid electro- 
lyte tube, said stopper having at said axial end a 
cross section including a four-cusped figure-like 
central opening for passage of said metallic lead, 
and a solid peripheral portion for abutting engage- 
ment with said axial end face of said electrode con- 
necting portion. 

12. An oxygen sensor comprising: 

a tubular metal shell; 

a tubular housing attached at one end thereof 
to said metal shell to constitute a housing assembly; 

a seal member attached to another end of 
said tubular housing for sealingly closing the same; 

a solid electrolyte tube with one open end, 
attached to said meted shell in such a manner that 
said open end is positioned inside of said housing 
assembly, said solid electrolyte tube having on inner 
and outer surfaces thereof electrode layers and lead 
layers connected to said electrode layers, respec- 
tively; 

a pair of lead wires extending through said 
seal member between inside and outside of said 
housing whilst being sealingly Jield by said seal 
member, said lead wires having inner ends disposed 
inside of said housing assembly; 

a pair of metallic leads disposed inside of said 
housing assembly for connection between said lead 
layers and said inner ends of said lead wires, said 
metallic leads having at one end thereof electrode 
connecting portions having a spring property, said 
electrode connecting portions being attached to said 
inner and outer surfaces of said solid electrolyte tube 
and held in contact with said lead layers under spring 
pressure, respectively; and 

a stopper interposed between said seed 
member and said open end of said solid electrolyte 
tube and engaged with said electrode connecting 
portions of said metallic leads so as to obstruct axial 
movement of said electrode connecting portions rel- 
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ative to said solid electrolyte tube when said lead 
wires are pulled outward of said housing assembly. 

13. An oxygen sensor according to claim 12, further 
comprising a separator interposed between said 5 
seal member and said stopper for insulating another 
end of each of said metallic leads relative to said 
housing assembly, said stopper being formed inte- 
gral with said separator. 

14. An oxygen sensor according to claim 12, further 
comprising a separator interposed between said 
sealing member and said stopper for insulating 
another end of each of said metallic leads relative to 
said housing assembly, said stopper being formed 
separately from said separator. 

15. An oxygen sensor according to claim 12, wherein 
each of said electrode connecting portions of said 
metallic leads has a part-circular cross section and 
has an axial end face flush with a face of said open 
end of said electrolyte tube, said stopper being hol- 
low, cylindrical for allowing passage of said metallic 
leads therethrough and having an axial end abut- 
tingly engaged with said open end of said electrode 
tube. 

16. An oxygen sensor according to 15. wherein said 
stopper has at said axial end a cross section includ- 
ing two circular openings for passage of said metallic 
leads, a radially inner solid portion for abutting 
engagement with said axial end face of one of said 
electrode connecting portions fitted in said open end 
of said solid electrolyte tube and a radially outer solid 
portion for abutting engagement with said axial end 
face of the other of said electrode connecting por- 
tions fitted on said open end of said solid electrolyte 
tube. 

17. An oxygen sensor according to claim 12. further 
comprising a heater accommodated in said housing 
assembly, and a pair of lead wires connected to said 
heater and extending between inside and outside of 
said housing through said stopper and said sealing 
member whilst being sealingly held by said seal 
member, said stopper having at said end a cross 
section including a four-cusped figure-like opening 
including a central opening section for disposition of 
said heater, a four-cusped figure section for dispo- 
sition of said lead wires connected to said lead layers 
and said lead wires connected to said heater, a radi- 
ally outer peripheral portion for abutting engage- 
ment with said axial end face of one of said electrode 
connecting portions fitted on said open end of said 
electrolyte tube, and four radially inwardly protruded 
portions for abutting engagement with said end face 
of the other of said electrode connecting portions fit- 
ted in said open end of said solid electrolyte tube. 



18. An oxygen sensor according to claim 17, wherein 
said stopper has a plurality of axial slits in such a 
manner as to allow said four cusped figure section 
opening radially outward so that said cross section 
of said stopper at said end thereof consists of iur 
independent solid portions. 



15 



20 



25 



30 



35 



40 



45 



50 



10 



EP 0 702 229 A1 



FIG.1 




11 



EP0 702 229 A1 



FIG.2 



17 




12 



EP0 702 229 A1 



FIG.3 




13 



EP 0 702 229 A1 




14 



EP0 702 229 A1 



FIG.5 




15 



EP 0 702 229 A1 



FIG.7 




FIG.8 




16 



EP0 702 229 A1 



FIG.9 




17 



EP 0 702 229 A1 



32 

i 




EP 0 702 229 A1 



FIG.13 
(PRIOR ART) 




19 



EP 0 702 229 A1 



FIG.14 

(PRIOR ART) 




20 



EP0 702 229 A1 



FIG. 15 

(PRIOR ART) 




2V 



EP 0 702 229 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 11 4546 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 
A 
A 



Citation of doewncat with iodicaboa, where appropriate, 
of relevant passages 



EP-A-0 145 175 (NGK SPARK PLUG) 

* abstract; claims * 

US-A-4 923 587 (H. NISHIO) 

* column 2, line 57 - column 5 

US-A-5 329 806 (M.R. MCCLANAHAN) 

* column 1, line 40 - column 2, line 1/ 

US-A-5 049 255 (M.J. WOLFE) 

* claims * 

EP-A-0 132 691 (R. BOSCH) 

* abstract * 

US-A-4 370 213 (S. OKI) 

* column 1 - column 2, line 22 



Relevant 

to < 



CLASSIFICATION OF TKE 
APPLICATION (lnt.CL6) 



G01N27/407 



TECHNICAL FIELDS 
SEARCHED (IbLO.6) 

GO IN ~~~ 



The present search report has heai A^reupfereHj** 



THE HAGUE 

CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
Y : particularly relevant if r— - 

document of the same c 
A : technological btckaronad 
O : aon-wrtttea disdosore 
P:l 



Beta of oMaJot lea el t 



15 Dec ember 1995 | CALLEWAERT, H 

• theory or arindple undtrtytaf the invention 
: earlier pateat document, but published on, or 
' after the filing eate 
: document dted in the application 
: document dted for other reasons 



dVTmnaThtf 'nf the same patent family, corresponding 



22 



